The increase of minimally managed vacant land resulting from population loss and the subsequent removal of infrastructure is a reoccurring feature in shrinking cities around the globe. Due to the low frequency and intensity of management, these spaces create a unique environment for plant colonization, establishment, and succession. Herein we refer to these plants and the habitats they form as urban spontaneous vegetation (USV). As a form of urban green space, USV has the potential to provide a number of ecological and sociological benefits to shrinking cities, such as supporting urban wildlife, enhancing the provision of regulating ecosystem functions and services, connecting residents with nature, and improving human health and well-being. Conversely, USV can also support undesirable animals such as vectors of disease, and due to its wild and disorderly appearance, can evoke negative emotions in residents while signaling community neglect. This review aims to explore the potential ecological and sociological tradeoffs of USV within the context of shrinking cities. Through this evaluation, we aim to inform future planning and management to exploit the benefits offered by this resource while minimizing negative outcomes, thereby leading to the enhanced sustainability of shrinking cities worldwide.
Introduction
Shrinking cities are urban areas experiencing significant population decline as a result of economic restructuring, demographic change, suburbanization, and/or political transformation [1] [2] [3] [4] . Worldwide, over 360 cities with a population exceeding 100,000 are shrinking, with 25% of these occurring in the United States alone [5] . For example, Detroit, MI, Cleveland, OH, St. Louis, MO, and Pittsburg, PA have each lost over 50% of their historical peak populations [6] . With such stark population losses and stagnant or depressed economies, ecosystems undergo major shifts in structure and function and remaining populations face a variety of social issues [7] [8] [9] . In this context, two processes are likely to occur: (1) vacant land increases as an overabundance of unused infrastructure is demolished [10] ; and (2) municipalities become burdened with increasing maintenance costs of this land along with dwindling tax revenue [11] . The result is that vacant land often experiences minimal management relative to social norms and provides a setting for ecological processes such as plant colonization and succession to occur largely unimpeded ( Figure 1 ) [12] . Plants that successfully colonize and establish on vacant land will herein be referred to as urban spontaneous vegetation (USV). In recent decades, research interest in describing, classifying, and elucidating the value of novel ecosystems has increased, including those dominated by USV [15] [16] [17] [18] [19] [20] [21] [22] [23] . Several conceptual frameworks have been proposed to describe these habitats, which have resulted in ambiguity within this interdisciplinary body of literature [20, 21] . Novel ecosystems were defined by Hobbs et al. [24] as unique systems characterized by new species combinations that are the result of deliberate or inadvertent human action. Alternatively, the "four natures approach" as developed by Kowarik [19, 25, 26] presents a typology for classifying urban nature based on its degree of transformation resulting from urbanization, with the continuum ranging from pristine remnants of natural ecosystems (Type 1 Nature) to the spontaneous plant communities occurring on urban-industrial sites (Type 4 Nature). Most recently, "informal green space" has been formally proposed to describe various types of novel urban green space including "urban wildscapes" [27] and "urban wilderness" [28] and has been defined as "any urban space with a history of strong anthropogenic disturbance that is covered at least partly with non-remnant, spontaneous vegetation" [21] . As described by Rupprecht and Byrne [21] , informal urban green space is an explicitly socio-ecological entity that can include vacant land, rights-of-way such as railways and power lines, structural elements such as green roofs or vegetation on vertical structures, riparian corridors, and other disturbed microsites. In this review, we use the term vacant land to include post-industrial sites, derelict land, abandoned land, wasteland, land supporting abandoned infrastructure, and uncultivated or marginal agricultural land that resides within the urban matrix [15, [29] [30] [31] .
The USV occupying vacant land has the potential to provide ecological and social value to shrinking cities [11, 32] . These plants are site-adapted [14] and tolerant of the many stressors characteristic of urban environments [33, 34] . Plant communities on vacant land can become diverse over time [18, [35] [36] [37] [38] ] and even contain rare or threatened species [37] [38] [39] [40] . These habitats have also been shown to support a variety of animal taxa [17, 20, 41] , including species of conservation concern and those not found on other types of urban green space [42] [43] [44] . USV can contribute to the provisioning of a variety of regulating ecosystem functions and services in shrinking cities [13, 16, 45, 46] . It also has the potential to positively influence human health and well-being and enhance community social cohesion by providing opportunities for residents to experience nature, recreate, and interact with one another [16, [47] [48] [49] [50] [51] [52] [53] [54] . Neighborhoods with large holdings of vacant land often have the least access to formal urban green spaces [50] . Vacant land could mitigate environmental inequities by providing a cost-effective means of green space development (but see [55] ). However, USV can also pose ecological challenges when aggressive native or non-native plant In recent decades, research interest in describing, classifying, and elucidating the value of novel ecosystems has increased, including those dominated by USV [15] [16] [17] [18] [19] [20] [21] [22] [23] . Several conceptual frameworks have been proposed to describe these habitats, which have resulted in ambiguity within this interdisciplinary body of literature [20, 21] . Novel ecosystems were defined by Hobbs et al. [24] as unique systems characterized by new species combinations that are the result of deliberate or inadvertent human action. Alternatively, the "four natures approach" as developed by Kowarik [19, 25, 26] presents a typology for classifying urban nature based on its degree of transformation resulting from urbanization, with the continuum ranging from pristine remnants of natural ecosystems (Type 1 Nature) to the spontaneous plant communities occurring on urban-industrial sites (Type 4 Nature). Most recently, "informal green space" has been formally proposed to describe various types of novel urban green space including "urban wildscapes" [27] and "urban wilderness" [28] and has been defined as "any urban space with a history of strong anthropogenic disturbance that is covered at least partly with non-remnant, spontaneous vegetation" [21] . As described by Rupprecht and Byrne [21] , informal urban green space is an explicitly socio-ecological entity that can include vacant land, rights-of-way such as railways and power lines, structural elements such as green roofs or vegetation on vertical structures, riparian corridors, and other disturbed microsites. In this review, we use the term vacant land to include post-industrial sites, derelict land, abandoned land, wasteland, land supporting abandoned infrastructure, and uncultivated or marginal agricultural land that resides within the urban matrix [15, [29] [30] [31] .
The USV occupying vacant land has the potential to provide ecological and social value to shrinking cities [11, 32] . These plants are site-adapted [14] and tolerant of the many stressors characteristic of urban environments [33, 34] . Plant communities on vacant land can become diverse over time [18, [35] [36] [37] [38] ] and even contain rare or threatened species [37] [38] [39] [40] . These habitats have also been shown to support a variety of animal taxa [17, 20, 41] , including species of conservation concern and those not found on other types of urban green space [42] [43] [44] . USV can contribute to the provisioning of a variety of regulating ecosystem functions and services in shrinking cities [13, 16, 45, 46] . It also has the potential to positively influence human health and well-being and enhance community social cohesion by providing opportunities for residents to experience nature, recreate, and interact with one another [16, [47] [48] [49] [50] [51] [52] [53] [54] . Neighborhoods with large holdings of vacant land often have the least access to formal urban green spaces [50] . Vacant land could mitigate environmental inequities by providing a cost-effective means of green space development (but see [55] ). However, USV can also pose ecological challenges when aggressive native or non-native plant species dominate the community [36, 45, [56] [57] [58] or it supports undesirable wildlife [59, 60] . Furthermore, this type of novel urban nature can be perceived negatively by neighborhood residents [17, [61] [62] [63] [64] , particularly in high-vacancy neighborhoods that are commonplace throughout shrinking cities [45] .
This review examines how the USV occupying vacant land can be viewed as an asset, liability, or even both within an urban social-ecological framework [65] . Our goal was to synthesize ecological examinations of USV's conservation value and environmental risks with sociological investigations of aesthetic preferences and perceptions of urban nature within the context of shrinking city communities. We begin by examining the ecology of USV on vacant land, focusing on plant adaptations to urbanization, the prevalence of exotic species, and its potential to support biodiversity and contribute to ecosystem functions and services. Next, we focus on human aesthetic preferences for and perceptions of USV and how these can influence its use and potential to deliver cultural ecosystem services. Finally, we examine strategies to mitigate negative perceptions of USV held by community members and address knowledge gaps that are key to quantifying the ecological and sociological value of vacant land in shrinking cities.
Ecological Considerations of USV
A defining feature of USV is its ability to overcome the challenges associated with urban environments in the absence of human intervention [32] . Habitat loss and fragmentation, including changes in the abundance, quality, composition, and configuration of available habitat, are major landscape-scale filters of the plant species pool in urban ecosystems [66] . Plant species that persist following habitat loss and fragmentation must navigate a variety of environmental filters unique to urban ecosystems to successfully colonize and establish [33, 66, 67] . Across cities, plant communities contend with altered hydrological cycles, elevated levels of carbon dioxide and air pollution, higher temperatures, lower relative humidity, and longer growing seasons [34, [67] [68] [69] [70] . Several functional traits are indicative of a plant's success under these environmental conditions. For instance, plant traits such as seed mass, height, and woodiness are expected to increase with increasing urbanization [71] . Urban-adapted plants often exhibit a biennial or perennial life span or "competitor" life strategy and are likely to be wind-pollinated, mid-summer flowering, reproduce via seed or vegetatively, utilize wind or animal-mediated seed dispersal, and have high light and nutrient requirements [72] . Despite these general patterns, many of the plants occupying vacant land may lack some or all of these life history traits and strategies [73] . The abiotic conditions present within individual vacant lots can vary widely within and among cities, which can influence a given species' colonization success and persistence. For example, soil on vacant land can be alkaline from the erosion of lime-containing concrete, or acidic due to deposition of emissions [34, 74] . Vacant land also varies in slope, aspect, soil compaction and contamination, and landscape context which can influence the composition of USV supported within the habitat [34, 67, 71, 74] .
Despite the strong environmental filters imposed on USV, the plant communities on vacant land are often diverse, and in some instances, more so than comparable urban or rural habitats [13, 18, 38, 40, 45, [75] [76] [77] [78] [79] . For example, more tree species were documented on vacant lots in inner-city Cleveland, OH than on residential properties [45] . Similarly, vacant land across four cities in Egypt supported more plant species than lawns, home gardens, public gardens, and desert habitat fragments [77] . Communities of USV occupying these habitats have been shown to enhance local and landscape plant diversity within cities, especially when allowed to undergo prolonged periods of succession with minimal human involvement [18, 35, [37] [38] [39] 57, 80] . For example, 262 vascular plant species were recorded over 20 years in a landfill in Berlin, Germany, with 229 species occurring by the sixth year of succession [38] . Of the 65 woody taxa recorded, 35 were tree species, representing more than 60% of the native and naturalized tree flora of the region [38] . In Paris, France, over 360 plant species were observed on wastelands, comprising 58% of the total plant richness in the broader metropolitan area [39] . Rare plants have also been documented on vacant land such as a regionally rare orchid, Orchis militaris L., and seven Red List species in Berlin, Germany [38, 81] .
However, many of the plants contributing to the high vegetation richness in cities are non-native [82] . Cities are points of introduction for non-native plant species, which comprise an average of 28-40% of urban flora worldwide [83] [84] [85] . Importantly, USV is not always dominated by non-native species [36, 37, 40, 86, 87] , however, these plants are a common occurrence within vacant land and can make up a substantial part of the species richness and abundance present [45, 88] . For instance, non-native plants accounted for almost half (48%) of woody plant total stem density on regenerated forest patches in Syracuse, NY [88] . In Cleveland, OH, non-native trees were more abundant than native trees within vacant lots [45] . Many environmental costs have been associated with the adaptability and prolific success of these non-native plant species [89] , and the economic and ecological costs of invasive species may be a liability for conservation initiatives in urban environments. Invasive plants can impact: (1) ecosystems by altering nutrient cycling, depleting available water, and changing fire regimes; (2) higher trophic levels by modifying resource availability and habitat heterogeneity; and (3) plant communities by displacing native competitors [90] [91] [92] . For example, Lantana camara (L.), considered to be among the world's ten worst invasive weed species, rapidly colonizes urban vacant land throughout India and its allelopathic effect can inhibit the recruitment of other species [93] [94] [95] . The population of the invasive common buckthorn (Rhamnus cathartica L.) increased by over 260% in Syracuse, NY in just 20 years, with 15% of the new individuals occupying vacant land [96] . Common buckthorn can alter ecosystem processes in the invaded range by forming dense thickets, expediting leaf litter decomposition, and altering soil nitrogen and carbon cycling [92] . Despite these costs, non-native USV has the potential to support higher trophic levels, increase community productivity, and deliver the majority of ecosystem services such as atmospheric carbon storage and sequestration and stormwater runoff reduction in certain settings ( Figure 2 ) [32, 45, 91, 97, 98] . However, many of the plants contributing to the high vegetation richness in cities are non-native [82] . Cities are points of introduction for non-native plant species, which comprise an average of 28-40% of urban flora worldwide [83] [84] [85] . Importantly, USV is not always dominated by non-native species [36, 37, 40, 86, 87] , however, these plants are a common occurrence within vacant land and can make up a substantial part of the species richness and abundance present [45, 88] . For instance, nonnative plants accounted for almost half (48%) of woody plant total stem density on regenerated forest patches in Syracuse, NY [88] . In Cleveland, OH, non-native trees were more abundant than native trees within vacant lots [45] . Many environmental costs have been associated with the adaptability and prolific success of these non-native plant species [89] , and the economic and ecological costs of invasive species may be a liability for conservation initiatives in urban environments. Invasive plants can impact: (1) ecosystems by altering nutrient cycling, depleting available water, and changing fire regimes; (2) higher trophic levels by modifying resource availability and habitat heterogeneity; and (3) plant communities by displacing native competitors [90] [91] [92] . For example, Lantana camara (L.), considered to be among the world's ten worst invasive weed species, rapidly colonizes urban vacant land throughout India and its allelopathic effect can inhibit the recruitment of other species [93] [94] [95] . The population of the invasive common buckthorn (Rhamnus cathartica L.) increased by over 260% in Syracuse, NY in just 20 years, with 15% of the new individuals occupying vacant land [96] . Common buckthorn can alter ecosystem processes in the invaded range by forming dense thickets, expediting leaf litter decomposition, and altering soil nitrogen and carbon cycling [92] . Despite these costs, nonnative USV has the potential to support higher trophic levels, increase community productivity, and deliver the majority of ecosystem services such as atmospheric carbon storage and sequestration and stormwater runoff reduction in certain settings ( Figure 2 ) [32, 45, 91, 97, 98] . Photograph of a wetland illustrating the tradeoffs associated with urban spontaneous vegetation's tolerance of urban environments. In Detroit, MI, what is most likely the highly aggressive invading subspecies (P. australis australis) of the common reed, Phragmities australis (Cav.), has colonized an abandoned factory loading dock. From a conservation standpoint, the proliferation of an aggressive invasive species is undesirable, and this wetland may serve as a source habitat for its dispersal into the surrounding landscape. However, the reed has modified the space to enhance regulating ecological functions and services such as atmospheric carbon sequestration and storage and stormwater runoff reduction. The question of whether such habitats should persist given these tradeoffs is important for ecologists and urban planners. Photograph by Dr. Peter Del Tredici. Photograph of a wetland illustrating the tradeoffs associated with urban spontaneous vegetation's tolerance of urban environments. In Detroit, MI, what is most likely the highly aggressive invading subspecies (P. australis australis) of the common reed, Phragmities australis (Cav.), has colonized an abandoned factory loading dock. From a conservation standpoint, the proliferation of an aggressive invasive species is undesirable, and this wetland may serve as a source habitat for its dispersal into the surrounding landscape. However, the reed has modified the space to enhance regulating ecological functions and services such as atmospheric carbon sequestration and storage and stormwater runoff reduction. The question of whether such habitats should persist given these tradeoffs is important for ecologists and urban planners. Photograph by Dr. Peter Del Tredici.
Urbanization is a major driver of wildlife population declines [33, 85] . Consequently, major efforts have been undertaken to document the wildlife able to persist in cities and assess any conservation potential of urban habitats under various management regimes [12, 18, 20, 67, 99, 100] . Several researchers have described the rich diversity of animal species observed in these habitats, including populations of arthropods, birds, and mammals [17, 18, 20, 41] . Arthropods in particular have been studied extensively in urban ecosystems [12, 13, 17, [42] [43] [44] [101] [102] [103] [104] [105] [106] [107] [108] [109] [110] [111] and have been identified as reasonable conservation targets for vacant land management due to their small patch size requirements, high capacity for dispersal, and contribution to ecosystem functions and services [17, [112] [113] [114] . Vacant land has been found to support rare arthropods, including 46 nationally rare and scarce beetle species in England [42] and 63 ground beetle species in Britain, with two considered nationally scarce [43] . As with plant species, the arthropod fauna occupying vacant land is often richer and more abundant than other urban habitat types. Vacant lots supported unique beetle and ant species [44, 110] , higher activity densities of spiders and harvestmen [108, 109, 111] , and higher abundance and richness of pollinators [13, 107] than other types of urban green space. These findings suggest that habitats with USV may contribute to arthropod conservation in cities.
Common and endangered avian species have been documented to utilize vacant land for foraging and nesting [115] [116] [117] [118] [119] . Avian communities are shaped by conditions such as patch size, vegetation height, food availability, surrounding landscape context, and the frequency of human disturbance occurring within a habitat [41, 115, 116, [118] [119] [120] [121] [122] . For example, success of endangered wheatear (Oenanthe oeanthe L.) nests was largely influenced by habitat size, with vacant land larger than five hectares having a higher probability of wheatear occurrence [116] . Breeding pairs of grey partridge (Perdix perdix L.) were observed in 73-81% of unmanaged vacant patches in the suburbs of Prague, Czech Republic, with larger patches correlated with more breeding pairs [115] . Vegetation structure across 55 urban vacant sites in Berlin, Germany had a strong influence on the occurrence of bird species of European conservation concern [122] . In Europe, densities of house sparrow (Passer domesticus L.) on vacant land and poorly maintained allotments were higher than or comparable to those observed on other types of urban land use [118, 119] . Vacant lots in Baltimore, MD were actively used by 60 different species of birds for foraging and nesting, with those lots with greater shrub cover associated with more nesting attempts [120] . Mammals, reptiles, and amphibians, on the other hand, have received comparatively less attention in the context of USV habitats [18, 20] . In Paris, France, the Petite Ceinture is an abandoned railway encircling the city that serves as habitat for common small to midsized mammals such as hedgehogs and foxes [123] . Larger mammals have also been documented to utilize vacant land within their range. While not their primary urban habitat type, coyotes in Tucson, AZ spent 8% of their nocturnal activity on vacant land despite this land use type occupying only 3% of the study area [124] . Reptile and amphibian species may inhabit vacant land in cities as well, dependent on the environmental conditions present within the patch and its surrounding landscape context [125] [126] [127] .
Many of the same habitat features that draw desirable wildlife to vacant land can attract opportunistic species such as rats, raccoons, feral cats, ticks, or mosquitoes as well as invasive pests such as brown marmorated stink bug (Halyomorpa halys Stål) and spotted lanternfly (Lycorma delicatula White) [60] . The proximity to human populations of and the potential for human-wildlife conflicts posed by these species illustrates a significant tradeoff associated with these habitats [59, 60, [128] [129] [130] . Four distinct types of human-wildlife conflict can arise from undesirable animals: (1) aggression, injury, and death; (2) nuisance and property damage; (3) disease; and (4) economic cost [131] . Tree of heaven (Ailanthus altissima (Mill.) Swingle) is a preferred host of the agricultural and ornamental pests brown marmorated stink bug and spotted lanternfly in the United States, and its prevalence on vacant land may facilitate their range expansion while further exacerbating undesirable human-animal interactions [45, 132, 133] . As vectors of diseases such as West Nile virus and chikungunya virus, native and introduced mosquitoes are undesirable pests that may benefit from the abundance of USV in shrinking cities. Abundances of vacant land and USV on city blocks with high abandonment were positively associated with mosquito populations [128, 129] . However, within high-vacancy neighborhoods, mosquito abundance was unaffected by periodic mowing of USV, suggesting that reduced management approaches targeted at species of conservation concern such as wild bee populations may not result in unintended public health concerns [106] . Citizen awareness of perceived and actual risks posed by these unwanted species as well as investigations into which factors influence the use of vacant land by undesirable wildlife are key to advancing vacant land as a conservation habitat in shrinking cities.
The regulating ecosystem functions and services provided by urban green space have received considerable attention over the past two decades [134] [135] [136] . Regulating functions are essential ecological processes and life support systems such as bio-geochemical cycles and biospheric processes [135] , while regulating services are the human benefits obtained from the regulation of these ecosystem processes [137] . In shrinking cities, vacant land can directly and indirectly contribute to several regulating urban ecosystem services, including: (1) urban temperature regulation; (2) noise reduction; (3) air purification; (4) moderation of climate extremes; (5) runoff mitigation; (6) waste treatment; (7) pollination, pest regulation, and seed dispersal; and (8) global climate regulation [138] . USV is key to the provision of these functions and services, which on vacant land can exceed that provided by other urban land use types [16] . For example, vacant lots in inner-city Cleveland, OH contained more trees and provided more regulating ecosystem services per hectare than residential lots [45] . Similarly, woody plants found on vacant land in Roanoke, VA stored more carbon per hectare than the plants on commercial or industrial land [139] . Vacant land has also been found to support a greater richness and abundance of insect pollinators than other urban habitat types, which could provide greater pollination services within these spaces and surrounding habitats [13] . Maintaining USV in various successional stages on vacant land is therefore a prudent strategy for the continued provisioning of these and other ecosystem services within shrinking cities.
Sociological Considerations of USV
Vacant land dominated by USV has the potential to provide a number of benefits to residents of shrinking cities. There is growing alienation between humans and the natural world [140, 141] . Vacant land may be uniquely capable of increasing green space access, which can be limited within inner-city neighborhoods and disadvantaged communities [50] . There is evidence that by facilitating active and passive interactions with nature, urban green spaces can positively impact human's psychological, cognitive, and physiological well-being [47, [50] [51] [52] , but see [142] . For example, spontaneous plants growing in novel locations, such as on vertical wall surfaces, represent priceless urban ecological heritage to residents of many cities that is free for all to appreciate [76, 87, 143] . Furthermore, there is no financial cost associated with USV colonization and establishment, which is important to shrinking cities experiencing declining tax revenue [11, 144] . Inputs such as water, fertilizers, and pesticides are rarely, if ever, used to manage vacant land, making the habitat an economically feasible way to combat issues of environmental inequity and provision ecosystem services such as shading and atmospheric pollutant removal across shrinking cities (Figure 3 ) [45] . However, there are also potential costs associated with USV management such as trimming or removal of woody plants to prevent damage to fences or power lines, removal of fallen leaves from gutters, and expenses incurred when limbs fall or when roots grow into concrete, asphalt, or the basements of buildings (Figure 3) [59, 76] . From a sociological standpoint, the value of vacant land is therefore largely contingent on how USV is perceived, utilized, and managed by community members and municipalities [63, 64, 145] . When vacant land supports USV, it has the potential to address race-and income-based inequities in access to urban green space, which have been well documented ( Figure 4) [50, [146] [147] [148] [149] ; but see [55] . Proximity to parks has been linked with increased physical activity whereas a lack of green space access is linked to negative health outcomes [50] . In neighborhoods with limited park access, vacant land may serve as a viable alternative space for physical activity and recreation [11, 16, 53, 63, 64, 145] . For instance, surveys in Japan and Australia found that many residents utilize informal green spaces such as vacant land for recreation, with proximity cited as an important feature [11, 145] . There is also evidence that accessible green spaces promote social cohesion and strengthen community relationships, which can influence resident health outcomes [47, 48, [150] [151] [152] . For example, residents of public housing buildings in Chicago, IL were more likely to use common spaces and socialize with neighbors when vegetation was present [151] . The development of social cohesion can contribute to the formation of social capital [47] , which is often depleted within high vacancy neighborhoods [153] . Vacant land can serve as a unique space for experiential learning, which is important for combatting the growing alienation between humans and the natural world [140, 141, 154] . Childhood is a critical time to connect individuals with nature and when given access to appropriate spaces, children will readily do so ( Figure 5 ) [140, 155] . Because more highly manicured green spaces are often inadequate for children's exploration and self-teaching, vacant lots have been suggested as "second hand land" wherein ecological processes can be observed and an appreciation for nature garnered ( Figure 5 ) [54, 140] . When vacant land supports USV, it has the potential to address race-and income-based inequities in access to urban green space, which have been well documented ( Figure 4) [50, [146] [147] [148] [149] , but see [55] . Proximity to parks has been linked with increased physical activity whereas a lack of green space access is linked to negative health outcomes [50] . In neighborhoods with limited park access, vacant land may serve as a viable alternative space for physical activity and recreation [11, 16, 53, 63, 64, 145] . For instance, surveys in Japan and Australia found that many residents utilize informal green spaces such as vacant land for recreation, with proximity cited as an important feature [11, 145] . There is also evidence that accessible green spaces promote social cohesion and strengthen community relationships, which can influence resident health outcomes [47, 48, [150] [151] [152] . For example, residents of public housing buildings in Chicago, IL were more likely to use common spaces and socialize with neighbors when vegetation was present [151] . The development of social cohesion can contribute to the formation of social capital [47] , which is often depleted within high vacancy neighborhoods [153] . Vacant land can serve as a unique space for experiential learning, which is important for combatting the growing alienation between humans and the natural world [140, 141, 154] . Childhood is a critical time to connect individuals with nature and when given access to appropriate spaces, children will readily do so ( Figure 5 ) [140, 155] . Because more highly manicured green spaces are often inadequate for children's exploration and self-teaching, vacant lots have been suggested as "second hand land" wherein ecological processes can be observed and an appreciation for nature garnered ( Figure 5 ) [54, 140] . The city of Cleveland has one of the lowest percentages of tree canopy cover (11-20%) of all municipalities in Cuyahoga County [156] . (C) At the same time, Cleveland has over 27,000 vacant lots spanning more than 14 square kilometers [17, 45] . (D) Early successional vacant lots resembling grassland have the potential to provide many of the same functions as neighborhood parks, such as places for socializing, recreation, and relaxation. If afforestation is allowed to occur, vacant land can also address inequities in urban tree canopy cover across the municipality. Land cover data for Map A comes from National Land Cover Database 2011 [157] ; Map B included with permission from [156] ; and map C adapted with permission from [158] . The city of Cleveland has one of the lowest percentages of tree canopy cover (11-20%) of all municipalities in Cuyahoga County [156] . (C) At the same time, Cleveland has over 27,000 vacant lots spanning more than 14 square kilometers [17, 45] . (D) Early successional vacant lots resembling grassland have the potential to provide many of the same functions as neighborhood parks, such as places for socializing, recreation, and relaxation. If afforestation is allowed to occur, vacant land can also address inequities in urban tree canopy cover across the municipality. Land cover data for Map A comes from National Land Cover Database 2011 [157] ; Map B included with permission from [156] ; and map C adapted with permission from [158] . Importantly, deriving many cultural ecosystem services requires that USV's aesthetics are positively perceived by neighbors, which may often not be the case [62, 153, 159] . USV's unifying characteristic is its wild and disorderly nature [12] , and this aspect is frequently perceived negatively by community members [8, 63, 64, 160] . For example, residents' perceptions of USV were positive when the habitat was viewed as natural or capable of supporting recreation and negative when it was regarded as wild or abandoned, terms often prescribed to vacant land [63, 64] . Even when USV is managed periodically (e.g., mown monthly over the growing season), it can continue to be perceived as having a wild appearance compared with other common green spaces such as residential lawns or parks. Negative perceptions of USV may be particularly common within the urban core of shrinking cities, where high concentrations of unutilized vacant land exist [158, 161] . An abundance of USV proliferating across blocks of vacant land is unlikely to signify community character and opportunity, but rather neglect and a lack of 'cues to care' to many residents [153, 162, 163] . Vegetative landscape components such as mown turf, trimmed trees and hedges, and plants in neat rows are common cues to care in urban settings [153] , and USV does not align with these examples. When cues to care are absent, and disorder prevails, residents may experience physical and/or social isolation from their neighbors, increased feelings of hopelessness, and diminished social capital [153, 164, 165] .
Beyond aesthetic preferences, USV is unlikely to be utilized if it is perceived unsafe or encourages antisocial behaviors [166, 167] . Historically, there has been a persistent view that vegetation facilitates crime (reviewed in [168, 169] ). More recently, a paradigm shift has occurred with emerging evidence that greening may in fact be beneficial for reducing crime [168] [169] [170] [171] [172] . The two mechanisms that have been proposed as mediators of this relationship are increased neighborhood surveillance and alleviation of physiological precursors to violent behavior [169] . At the scale of entire cities, greater vegetation abundance or canopy cover has been associated with lower rates of crime [169, 172] . Installing cues to care within vacant lots (e.g., planting grass and trees, removing trash, installing fences [153] ) is also associated with lower rates of crime in surrounding neighborhoods [170, 171] . However, these efforts require enhanced levels of management and human intervention [170, 171, 173] . For example, in the greening program employed by Branas et al. [170] , the protocol called for, " . . . removing trash and debris, grading the land, planting grass and trees to create a park-like setting, and installing low wooden post-and-rail fences around each lot's perimeter to show that the lot was cared for and deter illegal dumping". These activities signal community engagement and social cohesion, and could possibly shift community perceptions away from USV being associated with greater criminal activity. Additional eyes on the street may also serve as a deterrent to criminal activity [169] . Residents of shrinking cities are certainly capable of developing community programs and initiatives to implement these greening strategies. However, given questions of depleted financial and social capital in these neighborhoods, there may be barriers to the implementation of these types of initiatives.
Conclusions and Future Research Directions
In this paper, the ecological and sociological tradeoffs surrounding USV on vacant land within the context of shrinking cities were reviewed. Spontaneous plants and plant communities can be regarded as ecological assets when considering their tolerance of urban environments, potential to be highly diverse and support unique wildlife, and contribution to the provisioning of regulating ecosystem functions and services. Conversely, USV can also be regarded as an ecological liability when dominated by undesirable plant species or supporting undesirable animals such as vectors of disease. From a sociological standpoint, USV has the potential to improve human health and well-being and connect residents with nature, all with no monetary cost of plant establishment or persistence. Its disorderly appearance, however, can evoke fear of crime in residents and signal community neglect, and its management can pose financial burdens on municipalities or residents. Although USV provides non-trivial ecological value within the urban matrix, it is likely to continue to be viewed as low-quality green space or blight in high-vacancy neighborhoods within shrinking cities. While it might seem reasonable to advocate for USV's conservation in an unmanaged state from an ecological standpoint, doing so without considering the perspective or interests of local stakeholders would be naive, and would almost certainly lead to conflict between groups with divergent interests as well as wasted resources. If the human community does not factor the ecological value of USV into their value judgment, or worse yet, experiences fear or diminished social cohesion from its presence, there will always be pushback to the continued existence of these spaces in one of their most ecologically valuable forms (i.e., various stages of wild successional habitat).
Pickett and colleagues [65] make the argument that urban ecology is represented by three unique paradigms: ecology in, of, and for the city. Ecology in the city focuses on investigations into ecological habitats and processes that happen to occur within an urban matrix. Ecology of the city represents an expansion of scope wherein consideration is also given to the social processes occurring within urban areas and how they shape and interact with the ecological ones. Ecology for the city is a paradigm that adopts a philosophy grounded in stewardship of the urban social-ecological system. In other words, ecology for the city "is the application of a social-ecological understanding to shaping urban form and function along sustainable trajectories" [10] . Given the abundance of minimally managed parcels of land in shrinking cities worldwide, the variety of challenges they pose, and their precarious position as blight-with-the-potential-to-be-more, there is a great need for a holistic understanding of these landscape elements that can contribute to actionable outcomes that benefit all stakeholders [174] . In concordance with this notion, Nassauer and Raskin [153] state, "an understanding of the relationships among associated social, institutional, and ecological processes associated with vacant urban land is vital to framing actionable research".
Towards this understanding, future research on USV in the social-ecological system of shrinking cities should continue to examine its ecological role and conservation potential while also investigating ways in which the human community's perception of habitats with USV could be improved. From an ecological standpoint, there are gaps in our understanding of the value of USV for taxa other than arthropods and birds, as well as a paucity of research that goes beyond abundance and diversity assessments to examine how these habitats might be functioning for the persistence of populations and/or communities. Shwartz et al. [175] highlight that documenting the presence of target species is not an indication of effective conservation considering the possibility of urban habitats acting as ecological traps. Research examining the role and value of these habitats for metapopulation persistence (e.g., source-sink dynamics, role in facilitating dispersal/migration), survivorship (e.g., food availability, availability of enemy free space), reproduction (e.g., nesting suitability, mate finding), overwintering, and species interactions (e.g., predation, pollination, parasitism, disease transmission, missed mutualisms, direct and indirect completion) is needed. Additionally, with USV often occurring on land with a history of contamination, there is a need to understand how these plants might be contributing to the transfer of pollutants such as heavy metals to higher trophic levels, and how bioaccumulation might impact the ecological processes described above. From a sociological standpoint, research on the effectiveness of various management plans for USV aimed at improving community perceptions and likelihood of engaging in healthy activities within the sites are needed. For example, efforts to mitigate conflict between optimal ecological and sociological outcomes could be demarcated via cues to care such as adding fencing, planting trees, or developing walkways ( Figure 6A ) as well as low-cost alternatives such as educational signage or linear mown edges around the perimeter of the space ( Figure 6B ). Alternatively, cities could offer incentive programs to community members wherein nearby adjacent parcels of land are managed through low-intensity strategies (i.e., perimeter edge mowing) that create urban conservation spaces. These management efforts would enable succession to occur, and in some places afforestation, within a managed framework ("ordered succession") [63] . However, their utility in addressing negative perceptions of USV could vary among cities or neighborhoods and should be studied locally prior to investment and implementation. If these programs are successful at cultivating a sense of community among residents, improving neighborhood aesthetics and human health, and ameliorating the economic blight associated with vacancy, issues related to environmental gentrification could emerge [50] . Questions therefore exist as to whether increases in USV as a result of increases in available habitat are coinciding with gentrification, and if not, whether greening initiatives might then contribute to gentrification issues.
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